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(») Computer system utilising compact intelligent disks. 

® A computer system [100] comprising a remov- 
able optical disk [10, 300, 600] having active cir- 
cuitry [302. 304] thereon and a disk player [102] is 
disclosed. The optical disk [300] includes a storage 
medium [12. 101] for storing data on one side and 
active circuitry [302, 304] for processing the data on 
the other side. The disk cartridge [300] includes 
most of the high speed components of the computer 
system [100], while the disk player [102] includes 
those components which are least likely to change 
over time. By combining the active circuitry [302, 
304] with the data and programs to be processed 
thereby on a single disk cartridge [300], the prob- 
lems associated with maintaining and configuring the 
system are substantially reduced compared to prior 
art systems. 
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The present invention relates to computer sys- 
tems, and more particularly^ to a computer system 
utitizing disk drives havmg active fogic contained 
on the disk cartridge. 

Tlie continLiing improvements in semiconductor 
fabrication techniques have made possfble the rap- 
id evolution of computer systems. In addition to 
providing significantly more powerful computer 
systems, the variety of computing hardware and 
software available to the average computer user 
has also increased substantially and Is expected to 
increase further. While these improvements have 
greatly Increased the utility of computers, they 
have made it difficult for the average user to con* 
figure and maintain an up-to-date system. 

The demand for computer technology has 
shifted from systems expertise to information ex- 
pertise. Although users* demands for computer 
systems continue to increase, this demand is em- 
phasizing greater user friendliness and application 
portatHlity. Users want to spend more time under- 
standing business information and less time under- 
standing system compfexities. However, system 
complexity continues to increase as global markets 
and competition compel the management of world- 
wide information. Thus users find themselves In a 
dilemma: they want increasingly diverse informa- 
tion from increasingly complex computer systems, 
but these systems require sophisticated configura- 
tion skills that the user does not want to acquire. 

To take advantage of the improvements, the 
computer user must update his or her system 
hardware and software on almost an annual basis. 
While some of these updates may be performed 
by changing a few components or adding new 
versions of existing programs, many of the hard- 
ware advances may only be fully utilized by replac- 
ing the entire computer system. The typical individ- 
ual user computer system consists of a power 
suppiy, a keyboard, a monitor, and a chassis in 
which a motherboard is mounted together with one 
or more peripheral cards. The motherboard in- 
cludes the central processing unit, memory, and 
bus structure over which the peripheral cards com- 
municate with the central processing unit. Simple 
upgrades such as increasing the memory capacity 
of the system can be performed by adding mem- 
ory chips to sockets on the motherboard and 
changing the configuration information to allow this 
memory to be utilized. 

However, major improvements typically require 
the mothertx>ard to be replaced. The mothertx>ards 
are typically configured for some maximum hard- 
ware configuration and operating speed. Major 
hardware improvements often require that the 
motherboard operate at a speed in excess of that 
for which it was designed. Furthermore, new gen- 
erations of computing hardware often require bus 
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structures that differ from that on existing mother- 
boards. 

The typical computer user is not technically 
competent to make such hardware modifications. In 

5 fact, the typical computer user has great difficulty 
making even minor upgrades such as adding mem- 
ory chips to his or her system. As a result, the user 
often postpones upgrading his or her system until 
improvements in technology justify replacing the 

10 entire computer. As a result, the rate at which new 
improvements penetrate the computer market is 
reduced. In addition, the cost of upgrading a sys- 
tem is increased, because the entire system in- 
cluding the computer enclosures and power sup- 

15 plies is replaced instead of merely replacing the 
components in need of upgrading. 

The process of upgrading computer systems is 
further complicated by the need to reload and 
reconfigure the computer software whenever a ma- 

20 jor system upgrade is performed. The process of 
reconfiguring the software, while being somewhat 
less complicated than performing major system 
upgrades, also requires a level of competence be- 
yond that of the typical computer user. The variety 

25 of hardware platforms on which any given piece of 
software may be required to operate Is too large for 
software manufacturers to provide software ver- 
sions that are optimally tuned for each platform. In 
addition, the software manufacturer must assume 

30 that the platform may change during the life of the 
software, as some users will modify the hardware 
with upgrades. To alleviate this problem, software 
manufacturers tend to compromise software perfor- 
mance to obtain systems that are capable of run- 

35 ning on a large variety of hardware configurations 
without requiring extensive configuration by the end 
user. 

The advances in semiconductor technology 
have also made possible the introduction of special 

40 purpose computing hardware that provides even 
greater improvements in speed and cost effective- 
ness for certain types of problems. For example, 
parallel processing techniques may be used to 
substantially increase the speed of searching in 

45 database operations, provided the database soft- 
ware has been configure to take advantage of this 
type of processing. To fully take advance of such 
special purpose hardware, the user must have ac- 
cess to different computing platforms for different 

50 types of problems. This significantly increases the 
cost and complexity of the computer environment. 
As a result, the potential advantages of such spe- 
cial purpose hardware have not been roaltzed In 
practice, 

55 The extent to which computers have perme- 

ated the workplace places a special burden on 
individuals who must perform their work in a num- 
ber of different geographic locations. The data utr- 
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lized by these users can be transported conve- 
nlenlfy over network connections or via portable 
disk cartridges. 

Unfortunately, light-weight portable computing plat- 
fornas with alt the features of normal desktop com- 
puters have not yet become cost effective for many 
applications. Hence, the traveling user must often 
maintain computers at two or more physical loca- 
tions. The problems of assuring that the computer 
hardware at one location remains compatible with 
that at the other locations places an added burden 
on such traveling computer users. 

Broadly, it is the object of the present invention 
to provide an improved computer system. 

It is another object of the present invention to 
simplify tiie hardware and software configurations 
of computer systems. 

It is a further object of the present invention to 
provide a computer system in which the hardware 
and software may be upgraded without requiring 
the computer user to alter hardware or perform on 
site configuration of the hardware or software. 

It is yet another object of the present invention 
to provide a computer system that may be more 
easily transported between physical locations than 
prior art portable computer systems. 

It is a still further object of the present inven- 
tion to provide a computer system that provides 
the user with access to special purpose computing 
hardware in those applications that would benefit 
from such hardware. 

These and other objects of the present inven- 
tion will become apparent to those skilled in the art 
from the following detailed description of the inven- 
tion and the accompanying drawings. 

The present invention comprises a computer 
system having two main components, a removable 
disk cartridge and a disk cartridge player. The 
removable disk cartridge includes a platter having 
top and bottom surfaces. The top surface fnc/udes 
an opticatty readable medium having digital in- 
formation stored therein, and the bottom surface 
inciudes eJectronic circuitry for processing the 
stored information. The electronic circuitry includes 
interface circuits for receiving signals from, and 
transmitting signals to, circuitry which is not on the 
disk cartridge. The electronic circuitry is powered 
through contacts on the disk cartridge from a 
source in the disk player. The disk player includes 
circuitry for sending signals to, and receiving sig- 
nals from, the disk cartridge- The disk ptayer also 
includes the read head for reading the information 
stored on the top surface of the disk cartridge and 
circuitry generating signals Indicative of that In- 
formation and coupling the signals in question to 
the disk cartridge. In one embodiment of the 
present invention, the signals between the disk 
cartridge and the circuitry in the disk player are 



532 A1 4 



communicated by generating light pulses that are 
transmitted through the spindle on which the disk 
cartridge rotates. 

Figure 1 is prospective view of a removable 
6 cartridge according to the present invention and 
the spindle on which It rotates. 

Figure 2 is a block diagram of a computer 
system acaxding to the present invention. 

Figure 3 shows an exemplary arrangement of 
10 active circuit elements on the bottom surface of a 
removable cartridge according to the present in- 
vention. 

Figure 4 is a cross-sectional view of a portion 
of the hub of a removable cartridge and the spindle 

?s mechanism in one embodiment of a computer sys- 
tem according to the present invention. 

Figure 5 is a cross-sectional view of a portion 
of a hub of a removable cartridge and an alternate 
spindle mechanism for use in a computer system 

20 according to the present invention. 

Figure 6 is a top view of a removable cartridge 
according to the present invention which u^lizes 
two different storage media. 

Figure 7 is a cross-sectioaai view of an em- 

25 bodiment of the present Invention that utilizes ferro- 
electic read/write media to eliminate the need to 
transmit data stored on the top surface of the 
removable cartridge to the bottom surface of the 
removable cartridge via signal paths that leave the 

OQ removable cartridge. 

The present invention is based on a new form 
of removable cartridge disk drive in which tiie 
removable cartridge includes both the means for 
storing data and hardware for processing the data 

35 stored thereon. The basic features of a computer 
system according to the present invention are 
shown rn Figures 1 and 2. Figure 1 is prospective 
view of a removable cartridge 10 and the spindle 
18 on which tt rotates. Removable cartridge 10 

40 may be viewed as comprising a planer having a 
top layer 12 which provides storage space lor data 
and a bottom layer 14 which includes active cir- 
cuitry for processing the data. For the purpose of 
this discus^on, it is to be understood that "data" 

45 nr^y include programs. 

Top layer 12 preferably operates in a manner 
similar to a conventional optical disk drive. Such a 
layer includes a storage medium having properties 
that may be sensed by a read head 17. The 

50 properties are typically the optical transmissivity or 
index of refraction of the storage medium. Read 
head 17 may also include circuitry for writing data 
into the storage medium. Optical storage media 
that allow one or more write operations are conven* 

55 tionai in the art, and hence, will not be discussed in 
detail here. 

Bottom layer 14 includes circuitry for process- 
ing the data stored in top layer 12. This circuitry is 
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powered by contacts included in spindle 18. Typi- 
cal contacts are shown schematically at 21 and 23. 
Information bearing signals are preferably coupled 
to the circuitry In question via optical fibers 20 and 
22 which transmit and receive light pulses via spin- 
dle 18. The manner in which power and information 
signals are coupled to the crrcurtry on the bottom 
layer will be explained In more detail below. 

The manner in which a computer system 100 
according to the present invention operates may be 
more easily understood with reference to Figure 2 
which is a block diagram of such a computer 
system. Computer system 100 comprises a disk 
player 102 and a removable cartridge 101. Disk 
player 102 provides the components of computer 
system 100 that are least likely to be replaced or 
outmoded. Removable cartridge 101 includes those 
components of computer system 100 whose life- 
time is relatively short because of improvements in 
hardware or software. When system upgrades are 
needed, removable cartridge 101 is replaced by 
another removable cartridge having the upgrades in 
question. 

Disk player 102 may be used with a variety of 
removable cartridges. The different cartridges may 
have different operating systems and/or different 
hardware. Often significant improvements in com- 
puter throughput may be obtained by utilizing a 
computer architecture that is specifically optimized 
for the task at hand. For example, large database 
processing systems may benefit from content ad- 
dressable memory or other parallel processing 
techniques. While graphics workstations may be 
optimized using a different form of parallel proces- 
sor and/or memory configuration. The present in- 
vention allows the user to easily change 
"computers" when the particular focus of the user 
changes while preserving the remainder of the 
computer system. This arrangement is significantly 
more economical than maintairHng a number of 
separate computer systems. 

In addition, the present invention assures that 
the software included on the removable cartridge 
and the computing hardware are always properly 
configured for one another. In the present inven- 
tion, the software on the top surface of removable 
cartridge 101 need function only with the hardware 
cm the bottom surface of removable cartridge 101. 
When hardware upgrades are needed, the entire 
removable cartridge is replaced with a new remov- 
able cartridge having software specifically config- 
ured for the new hardware. Hence, the computer 
user is relieved of the burdensome task of recon- 
figuring software whenever the user upgrades the 
computing hardware. 

Another advantage inherent in a computer sys- 
tem according to the present Inventk^n Is the porta- 
bility of the computer system. A user need only 
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transport the removabfe cartridge between loca- 
tions having disk players according to the present 
invention. In prior art systems, a user having an 
operating system on a transportable storage me- 

5 dium needs to have computing systems with com- 
patible hardware at each location. Since these prior 
art systems include the components that were 
most likely to change over time, it is difficult to 
guarantee that the systems remain compatible with 

10 the operating system even when the systems were 
initially setup to be compatible. Furthermore, if a 
user needs to use different computing systems for 
different aspects of the user's work, the user needs 
to have one of each of the different types of 

15 computing systems at each iocation when using 
prior art systems. With the present invervtion, the 
user only needs to have one disk player. 

In the preferred embodiment of the present 
Invention, the active circuitry 115 on the bottom 

20 surface of removable cartridge 101 includes essen- 
tially atl of the highrspeed computer circuitry such 
as the central processing unit, fast memory, and 
video display processors including the VRAM asso- 
ciated therewith. The upper surface of removable 

25 cartridge 101 is used to store the operating sys- 
tem, system data, and a variety of programs for 
use by the computer user. The upper surface may 
also include user data and, as will be explained in 
more detail below, storage space which may be 

30 written by the user. 

Disk player 102 includes the mechanism for 
reading data from the upper surface of removable 
cartridge 101 and for interfacing tiie active circuitry 
115 on the bottom surface of removable cartridge 

35 101 to other components of the computer system. 
The operation of disk player 101 is coordinated by 
a controller 120 which provides the interface be- 
tween active circuitry 115 and the other compo- 
nents of computer system 100 such as monitor 

40 124, keyboard 125, and peripheral interface 122 for 
controlling other common computer components 
connected to bus 119 such as the auxiliary disk 
storage shown at 121 and a network interface 
shown at 123. Controller 120 also operates the 

45 read head 117 and provides the communication 
between active circuitry 115 and read head 117. As 
will be explained in more detail below, this commu- 
nication IS preferably accomplished by transmitting 
light signals through spindle 118 on which remov- 

50 able cartridge 101 rotates when inserted into disk 
player 102, 

Figure 3 shows an exemplary arrangement of 
active circuit elements on the bottom surface of a 
removable cartridge 300 according to the present 
56 invention. The circuit elements may be general 
purpose computing elements, memory elements, 
etc. Exemplary circuit elements are shown sche- 
matically at 302 and 304. The circuit elements are 

4 
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connected via buses such as busses 306-308. The 
size and speed of the buses are matched to the 
circuit elements on removable cartridge 300, Meth- 
ods for mounting integrated circuit chips directly on 
a planar surface are known to those skilled in the 
circuit arts, and hence, will not be discussed in 
more detail here. An example of such a mounting 
technique is provided in flip-chip solder bump at- 
tachment methods to high density substrates such 
as multiiayer ceramics or copper polyimtde thin 
films. 

The circuit elements preferably receive data 
from sources remote from the IX)ttom surface of 
removable cartridge 300 via an optical path 310 
which terminates on an interface circuit 313, Simi- 
larly, the circuit elements preferably send data to 
remote locations via an optical path 311 with the 
aid of an interface circuit 312 that converts the 
electrical signals on bus 308 to optical signals. 
Optical paths 310 and 311 interface with the spin- 
dle on which removable cartridge 300 rotates. The 
manner in which this interface is accomplished will 
be discussed in more detail below. Similarly, power 
for the circuit elements on removable cartridge 300 
is received from connections on the spindle. The 
power connections to the various buses have been 
omitted to simplify the drawing. 

The manner in which connections are prefer- 
ably made between the spindle and the removable 
cartridge in the present invention may be more 
easily understood with reference to Figure 4 which 
is a cross-sectional view of a portion of the hub of 
a removable cartridge 402 according to the present 
invention and the spindle mechanism on which it 
rotates. The spindle mechanism includes a spindle 
401 which is connected to an adapter 404 which 
rotates with spindle 401. Power is supplied to a set 
of contacts 406 on the underside of removable 
cartridge 402 via a corresptxiding set of pins 405 
which make contact with said contacts when re- 
movable cartridge 402 is seated m the spindle 
mechanism and hold-down flange 403 is engaged. 
The pins are compressed against the correspond- 
ing contacts by an expansion mechanism 409 
which preferably comprises a compressible ma- 
terial. Power is supplied to the pins via extensible 
connections to a set of corresponding contacts 421 
on the underside of adapter 404 which make con- 
tact with a set of stationary contacts 420 on the 
upper surface of a stationary section 322. The 
stationary contacts 420 are preferabJy circular rings 
on which the contacts 421 ride when the spindle 
mechanism rotates. Electrically conducting lubric- 
ants are normally used to reduce wear between the 
stationary and moving contacts. Such mechanisms 
are conventional in the electrical mechanical arts» 
and hence, will not be described in more detail 
here* 



532 A1 8 



The optical signals to be inputted to the active 
circuitry on removable cartridge 402 are generated 
by a light source 417 and are coupled to optical 
fiber 408 via spindle 401^ Spirxjie 401 is preferably 

5 constructed from a material that is transparent at 
the wavelength of the light generated by light 
source 417, The signals from light source 417 are 
injected into the end of spindle 401 via light pipe 
416. The signals in question traverse the length of 

70 spindle 401 and illuminate region 412 at the top of 
splndie 401. A portion of the fight is captured by 
optical fiber 408 which transmits the light in ques- 
tion to an interface circuit included in the active 
circuitry on removable cartridge 402. It will be 

IS apparent to those skilled in the art that light source 
417 must be of sufficient intensity to provide a 
detectable signal after the losses due to the rela- 
tively small solid angle subtended by the eryjl of 
optical fiber 408. Alternative coupling methods hav- 

20 ing lower light losses will be described below; 
however, ir> practice it is found that the light losses 
are acceptable. 

Signals to be sent from the active circuitry to 
the corrtroller in the disk player are converted to 

25 optical signais which are transmitted via optical 
fiber 407- Light from optical fiber 407 strikes the 
angled region 412 of spindle 401. The angle of 
region 412 is chosen such that light striking this 
region from optical fiber 407 will be refracted. The 

30 angle of the refracted light beam in spindle 401 is 
controlled by the angle between region 412 and the 
light leaving optical fiber 407 and the index of 
refraction of the medium from which spindle 401 is 
constructed. The angle is chosen such that the 

36 refracted light beam will be totally reflected by the 
vertical walls 413 of spindle 401. A portion of the 
refracted light is captured by light pipe 414 which 
applies the captured light to detector 415. 

It should be noted that light loses in the trans- 

40 mission of signals from removable cartridge 402 to 
detector 415 are more critical than light losses 
between light source 417 and optical fiber 408 
because the power available to generate light sig- 
nals on removable cartridge 402 is significantly 

45 less than the power available in the disk player. 
The need to minimize the power dissipation on 
removable cartridge 402 places restraints on the 
amount of light that can be generated by the inter- 
face circuitry on removable cartridge 402. Hence, 

50 light losses cannot be easily overcome by increas- 
ing the intensity of light generated on removable 
cartridge 402. The light losses inherent in the ar- 
rangement shown In Figure 4 are much less for a 
light signal from removable cartridge 402 to detec- 

65 tor 415 than for a light signal from light source 417 
to optical fiber 408 because essentially all of the 
light leaving light fiber 307 is captured by spindle 
401 , Hence, most of light Josses result mainly from 
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the inabilrty of light pipe 414 to collect all of the 
light leaving the bottom of spindle 401, These light 
losses may be minimized by utilizing light collec- 
tion mechanisms at the end of spindle 401. For 
example, the diameter of light pipe 414 may be 
increased so as to collect the majority of the light 
leaving the end of spindle 401 . 

As noted above, the light losses from light 
source 417 to optical fiber 408 are normally ac- 
ceptable. However, in those cases in which light 
losses between light source 417 and light fiber 308 
are too large, the configuration shown in Figure 4 
may be replaced by the configuration shown in 
Figure 5, Those components shown in Figure 6 
which serve the same functions as components 
shown in Rgure 4 are numbered with similar num- 
bers- The spindle embodiment shown in Figure 5 
differs from that shown in Figure 4 in that the 
spindle 510 includes an axially placed light pipe 
51 1 having an end 545 aligned with light fiber 508 
which receives light signals generated by light 
source 517. Light source 517 delivers light signals 
to the other end of light pipe 511 via light pipe 516. 
The diameters of light pipe 511 and optical fiber 
508 are selected such that optical fiber 508 collects 
most of the light leaving light pipe 511. This em- 
bodiment requires that end 545 and light fiber 508 
be aligned with respect to one another. This align- 
ment may be m^ntained by including a detent in 
removable cartridge 502 which engages a position- 
ing mechanism in spindle 504 thereby assuring the 
desired alignment. Since such alignment mecha- 
nisms increase the complexity and cost of the 
system» the embodiment shown in Figure 4 is 
preferred. 

While the present invention may be utilized 
with an optical medium that may only be written 
once at the time of system integration, it will be 
apparent to those skilled in the art that embodi- 
ments of the present invention which include provi- 
sions for the user to write data into the upper 
surface of the removable cartridge are also possi- 
ble. Optically based read/write disks are known to 
the arts- Hence, an embodiment of the present 
invention in which the removable cartridge utilizes 
an optically writeable materia) can provide a me- 
dium in which the user can also write and read 
data to be processed by the active circuitry on the 
removable cartridge. 

In addition, the upper surface of the removable 
cartridge may be constructed from a plurality of 
data storage materials. An exemplary embodiment 
of a removable cartridge according to the present 
invention which utilizes two different storage media 
is shown at 600 in Figure 6. Removable cartridge 
600 includes an inner region 602 which is con- 
structed from a medium that may be read and 
written using optical methods. This region \s acces- 
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sed by an optical read/write head 604. Removable 
cartridge 600 also includes an outer region 606 
which comprises a conventional magnetic material 
which is read and written by a magnetic read/write 

s head 608. In this embodimentp the controller in the 
disk player controls both the magnetic and optical 
read/write heads. Signals from the active circuitry 
on the bottom surface of the removable cartridge 
determine which read/write heads are utilized. Em- 

10 bodiments having more than two regions on the 
removable cartridge will be apparent to those 
skilled in the art. 

It should be noted that certain types of opt!" 
caily written read/write disks, as well as conven- 
es tional magnetic disks, rely on magnetic fields to 
write the storage medium. These magnetic fields 
can interfere with the operation ctf the active com- 
ponents on the underside of the removable car- 
tridge. In embodiments which utilize such media, 

20 the active circuitry can be positioned such that the 
circuitry does not underlie these regions or the 
regions are separated in a manner which prevents 
interference from the magnetic fields in question. In 
the preferred embodiments of the present invention 

26 that utilize such multi-media removable cartridges, 
c^tical read/write technologies that avoid the use of 
magnetic fields are preferred. Such read/write op- 
tical disks are known to the art. For example. U.S. 
patent 5,051,950, discloses a read/write optical disk 

30 technology based on ferro-elecfric materials in 
which no magnetic fields are needed to read or 
write the storage medium. 

While the embodiments of the present inven- 
tion described above utilized a removable cartridge 

35 that rotates in the disk player, it will be apparent to 
those skilled in the art that embodiments in which 
the removable cartridge remains stationary in the 
disk player may also be constructed. In such em- 
bodiments, the light beam that is used for reading 

40 and/or writing the optical storage medium is caus- 
ed to scan the appropriate portion of the upper 
surface of the removable cartridge. Such scanning 
systems are known to those skilled in the art of 
"flying spot" scanners. Some of these systems 

45 utilize moving mirrors to deflect a laser beam to 
the appropriate location on the surface. The light 
reflected from Oie surface is then collected by a 
lense which focuses the light on a detector. Alter- 
natively, cathode ray tubes of various designs may 

50 be used in conjunction with an imaging lense to 
illuminate the desired area on the surface of the 
removable cartridge. 

In the preferred embodiments of the present 
invention, the removable cartridge is constructed 

55 such that the data stored thereon may also be read 
in conventional optical disk drives. This provides a 
means for accessing the data when a disk player 
according to the present invention is not available. 
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The above-described embodiments of the 
present invention utilized an arrangement In which 
data read from the top surface of the removable 
cartridge is transmitted to the active circuitry on the 
bottom surface thereof with the aid of a controller 
via optical paths through the spindle of the disk 
player. This arrangement requires a high speed 
data path extending from the read head to the 
active circuitry on the bottom surface of the remov- 
able cartridge. Such high speed data paths in- 
crease the cost of the disk player and may become 
obsolete as higher speed disk drives and active 
circuitry become available. 

An alternative embodiment of a removable car- 
tridge according to the present invention that does 
not require an external high speed data path is 
shown in Figure 7 at 700. This embodiment is 
based on a read/write optical disk disclosed In U.S. 
Patent 5,051,950 which is herein incorporated by 
reference. Optical disk 700 stores information by 
altering the polarization of a ferro-electric layer 702. 
The polarization is altered by switching a voltage 
across the ferro-electric layer at the location cor- 
responding to the bit being written. This is accom- 
plished by illuminating the kx^ation in question with 
a laser which causes a photoconductlve layer 704 
to become conductive thereby switching a voltage 
from electrode 708 to the surface of the ferro- 
electric layer at the location in question. The direc- 
tion of the electric field applied across the ferro- 
electric layer determines the direction of polariza- 
tion of the ferro-electric material. Hence, a one may 
be stored by switching a voltage of V onto etec- 
trode 708 and Illuminating the bit JocatiCMi in ques- 
tion, and a zero may be stored by switching a 
voltage of -V onto electrode 708 and illuminating 
the bit location. Once the polarization of the ferro- 
electric material has been set, the direction of 
polarization at any location can be sensed by illu- 
minating the location in question and measuring 
the photo-current that flows between electrodes 
708 and 710. The direction of flow of the photo- 
current between these electrodes indicates the di- 
rection of polarization of the storage media at the 
location in question. 

in this embodiment of the present invention, 
the circuitry 712 for operating electrodes 708 and 
710 to write data into the ferro-electric layer 702 
are part of the active circuitry on the bottom sur- 
face of the removable cartridge. In addition, this 
circuitry includes a sensor for measuring the cur- 
rent flowing between electrodes 708 and 710 in 
response to the illumination of a bit location on the 
removable cartridge. This circuitry may directly be 
connected to the electrodes via conductors from 
the bottom surface of the removable cartridge to 
the top surface such as those shown at 714. 
Hence, the need for a high speed optical signal 



path from the removable cartridge to the read/write 
head in the disk piayer is avoided. In this embodi- 
ment of the present Invention, the disk player need 
only position the laser over the appropriate track to 

5 enable the active circuitry on the removable car- 
tridge to read and write data on the top surface of 
the removable cartridge. This further reduces the 
cost of tiie disk player and extends the useful 
lifetime of a disk player, as the player does not 

10 require high speed buses which become obsolete 
as technological advances increase the computer 
processor speeds. 

While the above Identified embodiments have 
referred to "top" and "bottom" surfaces of the 

76 removable cartridge as the regions for storing In- 
formation and containing the processing circuitry, 
respectively, it will be apparent to those skiJIed in 
the art that the roles of the top and bottom surfaces 
could be reversed. In addition, it will be apparent to 

20 those skilled in the art that active circuitry could be 
included on the side of the platter that Includes the 
optical storage media. Such one sided embodi- 
ments are particulariy attractive in large scale in- 
tegrated circuits in which the optical storage media 

25 may be deposited on the same substrate as that 
used to construct the active circuitry. The key 
feature of the present invention is the combination 
of an optical storage region for storing data and an 
active circuitry region for processing the data, 

30 There has been described herein a novel com- 

puter system based on a removable cartridge 
which includes active circuitry for processing data 
stored thereon. Various modifications to the present 
invention will become apparent to those skilled in 

35 the art from the foregoing description and accom- 
panying drawings. Accordingly, the present inven- 
tion is to be limited solely by the scope of the 
following claims. 

40 Claims 

1. A disk cartridge [10,300,600] for the storage 
and processing of information, said disk car- 
tridge [10, 300, 600] comprising a platter hav- 

45 ing storage and processing regions, said stor- 

age region [12, 101] comprising an optically 
readable medium having digital Information 
stored therein and said processing region [14] 
comprising electronic circuitry [302, 304] for 

50 processing stored information. 

2. The disk cartridge [10, 300i 600] of claim i 
further comprising first and second optical 
paths for transmitting light pulses to and from, 

56 respectively, said electronic circuitry [302, 

304]. 
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3- The disk cartrtdge [10, 300, 600] of claim 2 
wherein said disk cartridge [10, 300, 600] fur- 
ther comprises moans for mounting said car- 
tridge on a rotating spindle [18, 118], said first 
and second optical paths [407, 408] being po- 
sitioned on said cartridge so as to receive and 
transmit, respectively, light pulses from light 
guides [414, 416] in said spindle [18, 118]. 

4. The disk cartridge [10, 300, 600] of any pre- 
ceding claim wherein said storage region [12, 
101] further comprises either a region [606] of 
magnetically readable and writeable storage 
media [606], in which case electronic circuitry 
[302, 304] on said processing region [14] is 
positioned such that said magnetically reada- 
ble and writeable storage media does not over- 
lie said electronic circuitry [302. 304], or a 
region of optically readable and writeable stor- 
age media. 

5. A disk player [102] for actuating a removable 
disk cartridge [10, 300, 600] comprising a plat- 
ter having storage and processing regions, 
said storage region [12, 101] comprising an 
optically readable medium having digital in- 
formation stored therein and said processing 
region [14] comprising electronic circuitry [302, 
304] for processing said stored information, 
said electronic circuitry [302, 304] comprising 
means for receiving signals from, and transmit- 
ting signals to, circuitry which is not on said 
disk cartridge [10, 300, 600], said disk player 
[1-2] comprising: means [420, 421] coupling 
power to said removable disk cartridge [10» 
300. 600], means [416, 417] for sending sig- 
nals to said removable cartridge [10, 300, 
600]; means [41 4» 415] for receiving signals 
from said removable disk cartridge [10, 300» 
600]; and means [17, 117] for illuminating a 
selected region on said storage region [12, 
101] to enable the reading of information 
stored in said optically readable medium. 
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8, The disk player [102] of any of claims 5 to 7 
wherein said illuminating means [17, 117] fur- 
ther comprises means for reading the informa- 
tion stored in said optical*y readable medium, 
means for generating signals indicative of said 
read information, and means for coupling said 
generated signals to said sending means. 

9, The disk player [102] of any of claims 5 to 8 
wherein said removable disk cartridge [10, 
300, 600] further comprises a writeable storage 
medium on said storage region [12, 101] and 
wherein said disk player [102] further com- 
prises means for writing said writeable storage 
medium in response to signals received from 
said electronjc circuitry [302, 304]. 

10, A computer system comprising a removable 
disk cartridge [10, 300. 600] and a disk car- 
tridge player [102], said disk cartridge [10, 
300. 600] comprising a platter having storage 
and processing regions, said storage region 
[12. 101] comprising an optically readable me- 
dium having digital information stored therein 
and said processir>g region [14] comprising 
electronic circuitry [302, 304] for processing 
said stored information, said electronic circuitry 
[302, 304] comprising means [312, 313] for 
receiving signals from, and transmitting signals 
to, circuitry which is not on said disk cartridge 
[10, 300, 600] and first and second power 
terminals [21 , 23] for providing power to said 
circuitry, said disk cartridge player [102] com- 
prising: means [420, 421] for coupling power to 
said first and second power terminals [21 , 23]; 
means [416, 417] for sending signals to said 
receiving means [313], means [414, 415] for 
receiving signals from said transmitting means 
[312]; and means [17, 117] for Illuminating a 
selected region on said storage region [12, 
101] to enable the reading of information 
stored in said optically readable medium. 



The disk player [102] of claim 5 wherein said 45 
illuminating means [17, 117] comprises means 
for causing said removable cartridge [12, 300, 
600] to rotate on a spindle [18, 118] under a 
light source, wherein said means for sending 
signals comprises an optically transparent re- so 
gion in said spindle []18, 118]. 

The disk player [102] of claim 5 or 6 wherein 
said means for receiving signals comprises an 
optically transparent region in said spindle [18, 65 
118]. 
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